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(54) Information storage apparatus that writes data in unrecorded regions of a recording medium 



(57) An information storage apparatus (1) that 
stores data in a recording medium (7), retrieves control 
information of the recording medium (7), identifies re- 
maining unrecorded regions in the recording medium (7) 
based on the control information, stores data only in the 
unrecorded regions, and updates items of the control 



information corresponding to the recorded regions so 
that the information storage apparatus can skip the re- 
corded regions when it stores data in the recording me- 
dium (7) next time. The information storage apparatus 
(1 ) can reduce time required for certifying the recording 
medium (7). 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an information 
storage apparatus, and more particularly, to an informa- 
tion storage apparatus that identifies unrecorded re- 
gions of a recording medium and selectively stores data 
in the unrecorded regions. 

2. Description of the Related Art 

[0002] In the case of rewritable recording media such 
as CD-RW (Compact Disk- Rewritable), DVD-RAM 
(Digital Versatile Disk-RAM), DVD-RW (Digital Versatile 
Disk-ReWritabie), DVD+RW (Digital Versatile Disk+Re- 
Writable), an information storage apparatus convention- 
ally certifies a region of the recording medium by storing 
dummy data in the region before the information storage 
apparatus stores user data in the region of the recording 
medium in random access mode. 
[0003] The information storage apparatus writes 
dummy data in the region of the recording medium and 
reads the dummy data in order to check whether the re- 
gion of the recording medium contains any defects. If 
the region of the recording medium is defective (con- 
tains any defect) but the positions of the defects in the 
recording medium are known in advance, the informa- 
tion storage apparatus can avoid writing user data on 
the defective positions so that the user data are not lost. 
[0004] The recording medium also needs to be certi- 
fied to fill unrecorded regions of the recording medium 
with dummy data so that a read only apparatus such as 
a CD drive and a DVD drive can read the recording me- 
dium. A rewritable apparatus can read data even if the 
data are written in the recording medium at intervals, but 
the read only apparatus such as aconventional CD drive 
and a conventional DVD drive may fail to read data writ- 
ten in the recording medium at intervals because the un- 
recorded regions cause the read only apparatus to mal- 
function. 

[0005] Additionally, if the quantity of data written in the 
recorded region is less than a predetermined size, the 
read only apparatus may erroneously access the unre- 
corded region and fail to normally operate. Accordingly, 
the rewritable apparatus needs to certify the recording 
medium so as to avoid the above problems. 
[0006] Japanese Laid-open Patent Application No. 
5-114247 discloses a magneto-optical disk drive that 
can efficiently use information about defects detected 
during its manufacturing process by a disk certifying 
system and, if user data are relocated during a writing 
operation, smoothly check the reason of the relocation. 
[0007] According to the specification of the above pat- 
ent application, the magneto-optical disk drive includes 
a means for reading the address of defective positions 



identified by the disk certifying system. The disk has a 
zone located in the edge of the disk in which the address 
of the defective region is to be recorded. The magneto- 
optical disk drive further includes a means for recording 

5 the address of the defective positions in the zone. Ac- 
cordingly, the magneto-optical disk drive retrieves, while 
it is formatting the disk, the information of defective po- 
sitions identified by the disk certifying system and 
records the addresses of the defective positions in the 

10 zone. 

[0008] However, according to the related art of the 
certifying operation, if the quantity of data recorded in a 
disk is too small, a disk drive has to write additional data 
until the quantity reaches a certain quantity so as to 
15 make the disk readable by a read only apparatus. Addi- 
tionally, when the disk drive writes dummy data in the 
unrecorded region, the disk drive needs to not only write 
data in the unrecorded region but also overwrite record- 
ed data in the recorded region. A user has to wait for 
20 long until the disk drive completes certifying the disk. 
[0009] In the case where there are recorded regions 
and unrecorded regions in a disk and/or the size of data 
recorded in a recorded region is equal to or greater than 
a certain quantity, another disk drive such as a conven- 
es tional read only apparatus may not able to read the disk 
due to lack of compatibility. 

[0010] According to the conventional formatting dis- 
closed in Japanese Laid-open Patent Application No. 
5-114247, a whole disk needs to be certified. The user 
30 has to wait for long for the disk drive to complete writing 
dummy data in the whole disk and reading the dummy 
data from the whole disk. 
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SUMMARY OF THE INVENTION 



[0011] Accordingly, rtis ageneral object of the present 
invention to provide a novel and useful information stor- 
age apparatus in which one or more of the problems de- 
scribed above are eliminated. 

40 [0012] Another and more specific object of the 
present invention is to provide an information storage 
apparatus that detects an unrecorded region in a disk 
and writes dummy data or user data only in the unre- 
corded region so that the information storage apparatus 

45 can format a disk in a short period of time. The informa- 
tion storage apparatus does not write any data in a re- 
corded region in the disk. In the case where there are 
recorded regions at intervals, the information storage 
apparatus fills dummy data in unrecorded regions and, 

so if data of a predetermined size are not written in the re- 
corded regions, writes additional dummy data in the un- 
recorded regions until the quantity of data recorded in 
the recorded regions reaches the predetermined size so 
that another disk drive can read the disk. 

55 [0013] Yet another object of the present invention is 
to provide an information storage apparatus that per- 
forms defect processing in a specific region so as to 
shorten the time period required for the defect process- 
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ing. 

[0014] To achieve one of the above objects, an infor- 
mation storage apparatus, according to the present in- 
vention, that can write data in a recording medium in 
which data have been written at least onetime, includes s 
a retrieving unit that retrieves control information of a 
data recording region from said recording medium, a re- 
gion determining unit that determines whether an unre- 
corded region exists in said recording medium based on 
said control information retrieved by said retrieving unit, 10 
and an updating unit that updates recorded position in- 
formation in said control information retrieved by said 
retrieving unit, wherein said information storage appa- 
ratus, when said region determining unit determines that 
an unrecorded region exists in said recording medium, '5 
obtains information of unrecorded region from said re- 
trieving unit, stores data in said unrecorded region using 
said information of unrecorded region, and updates said 
information of said unrecorded region by said updating 
unit. 20 
[0015] According to the present invention, if the con- 
trol information indicates that there remains an unre- 
corded region in the recording medium, the information 
storage apparatus obtains the position information of 
the unrecorded region, writes data only in that region, 25 
and updates the control information corresponding to 
the region. Accordingly, the information storage appa- 
ratus can reduce time required for certifying and can fur- 
ther reduce the time in the next certifying. The control 
information may be updated either before or after the so 
writing of data. 

[0016] In addition, the position information of the con- 
trol information may also be updated not only after writ- 
ing data in the entire unrecorded region but also while 
an unrecorded region remains. Therefore, even in situ- 35 
ations where the user ejects the recording medium in 
the middle of formatting or the host computer requests 
to store (or read) user data, the information storage ap- 
paratus can update the control information in the record- 
ing medium. After the recording medium is inserted 40 
again or data are written or read, the operation accord- 
ing to the present invention can be performed based on 
the updated control information. 
[0017] Other objects, features, and advantages of the 
present invention will become more apparent from the *s 
following detailed description when read in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

[0018] 

Fig. 1 is a block diagram showing an information 
storage apparatus according to an embodiment of 
the present invention; ss 
Fig. 2 is a flow chart showing the operation of an 
information storage apparatus according to the first 
embodiment of the present invention, in which in- 



formation is stored in an unrecorded region of a re- 
cording medium; 

Fig. 3 is a flow chart showing the operation of an 
information storage apparatus according to the sec- 
ond embodiment of the present invention, in which 
the information storage apparatus prepares for the 
storage of information in an unrecorded region; 
Fig. 4 is a flow chart showing the operation of an 
information storage apparatus according to the third 
embodiment of the present invention, in which a po- 
sition in the recording medium is set for examina- 
tion; and 

Fig. 5 is a flow chart showing the operation of the 
fourth embodiment of the present invention, in 
which the recording medium is examined. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] The preferred embodiments of the present in- 
vention will be described in detail below by reference to 
the drawings. Components, types, combinations, 
shapes, and arrangements described in the following 
embodiments are merely examples for explanation and 
are not intended to limit the scope of the present inven- 
tion unless otherwise explicitly stated so. 
[0020] Fig. 1 is a block diagram showing an informa- 
tion storage apparatus according to an embodiment of 
the present invention. The information storage appara- 
tus 1 is configured by the following: a CPU 2 that runs 
a control program and controls the other components of 
the information storage apparatus 1, a ROM 3 that 
stores the control program, an internal memory 4 that 
temporarily stores data and control information of the 
recording medium, an interface controllers, a read/write 
controller 6 that reads and writes data on a recording 
medium 7, and a host computer 8 such as a personal 
computer that controls the information storage appara- 
tus 1 . The ROM 3 may be a mask ROM, a flash memory, 
or a CD-ROM, and so forth. 

[0021] The operations showed in flow charts to be de- 
scribed below are performed by the CPU 2, or the other 
components in response to an instruction given by the 
CPU 2, in compliance with the control program stored 
in the ROM 3. Fig. 2 is a flow chart showing the writing 
operation in an unrecorded region of the information 
storage apparatus 1 according to the first embodiment. 
The writing operation in the unrecorded region will be 
described by reference to Fig. 2 as well as Fig. 1 . 
[0022] This operation is applicable to the following 
three cases. In the first case, the recorded region (data 
zone) contains one or more unrecorded regions. In the 
second case, the range where continuous data have 
been recorded (in the case where the continuous data 
are recorded from the innermost side of the recording 
medium, for example, the range between the innermost 
position to the most outer position up to which the con- 
tinuous data lasts) does not contain an unrecorded re- 
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gion, but the quantity of continuous data recorded in the 
range does not reach a predetermined size. In the third 
case, the range where continuous data have been re- 
corded (in the case where the continuous data are re- 
corded from the innermost side of the recording medi- s 
urn, for example, the range between the innermost po- 
sition to the most outer position up to which the contin- 
uous data lasts) does not contain an unrecorded region, 
and the quantity of continuous data recorded in the 
range exceeds a predetermined size. 10 
[0023] The first case will be described in detail first. 
When user data are recorded in a rewritable disk in ran- 
dom access mode, the user data are not necessarily re- 
corded continuously and may be recorded at intervals. 
The information storage apparatus 1 retrieves control is 
information indicating the state of the recording region 
of the recording medium 7, from the recording medium 
7 in which data have been recorded at least once, so as 
to control the recording region, and stores the retrieved 
control information in the internal memory 4 (step S22). 20 
The information storage apparatus 1 determines wheth- 
er there are one or more unrecorded regions in the re- 
cording medium 7 based on the control information 
stored in the internal memory 4 (step S23). If the internal 
storage apparatus 1 determines that there is an unre- 25 
corded region (Yes branch of step S23), the information 
storage apparatus 1 obtains the unrecorded position 
and the unrecorded data length of the unrecorded re- 
gion from the control information (step S24). The infor- 
mation storage apparatus 1 stores data from the unre- 30 
corded position until the unrecorded data length is ex- 
hausted (step S27). The information storage apparatus 
1 updates the control information by registering that the 
unrecorded region has changed to a recorded region 
(step S28), andthen, returns to step S23. Step S28 may 35 
precede step S27. In situations where, for example, the 
power supplied to the information storage apparatus 1 
is accidentally cut while the information storage appa- 
ratus 1 is recording data in the unrecorded region of the 
recording medium 7, however, the information storage 40 
apparatus 1 can overwrite, if step S27 precedes step 
S28, data in the unrecorded region. This is an advan- 
tage of performing steps S27 and S28 in this order. 
[0024] Accordingly, when formatting a disk that has 
been formatted once in the past, for example, the infor- 45 
mation storage apparatus 1 does not initialize the con- 
trol information and omits formatting a region in which 
any data (whichever dummy data or user data) have 
been recorded. The information storage apparatus 1 
needs to format (and certify) only a region in which no so 
data have been recorded, which reduces time required 
for the formatting. 

[0025] In the case where data (user data or dummy 
data) are recorded discretely in a certain range (for ex- 
ample, when the data are recorded from the innermost ss 
side of the recording medium 7, the range between the 
innermost position and the most outer position up to 
which the data is recorded), the information storage ap- 



paratus 1 needs to fill data only in a region where no 
data have been recorded. The information storage ap- 
paratus 1 can greatly reduce time required for writing 
data since it does not need to record data again in the 
recorded region. 

[0026] The information storage apparatus 1 can per- 
form the writing operation in a manner so that the re- 
cording medium 7 can be read by another disk drive. In 
addition, if data are discretely recorded in the recording 
medium 7 (the case where the recorded region contains 
unrecorded regions), the information storage apparatus 
1 may initialize (write dummy data) only in the unrecord- 
ed region of the disk. 

[0027] The second case will be explained in detail. In 
the second case, the recorded range is filled with data 
continuously recorded and has no unrecorded region, 
but the quantity of data does not reach a predetermined 
size. The recorded range means, if the data are record- 
ed from the innermost data position of the disk, for ex- 
ample, the range between the innermost data position 
to the most outer data position in which the data are re- 
corded. 

[0028] The information storage apparatus 1 deter- 
mines that there is no unrecorded region in the range 
(No branch of step S23), and further determines wheth- 
er the quantity of the recorded data at least reaches a 
predetermined size (step S25). If the information stor- 
age apparatus 1 determines that the quantity of the re- 
corded data (continuous data) does not reach the pre- 
determined size (No branch of step S25), the infomia- 
tion storage apparatus 1 obtains the last position of the 
continuous data (the address of the top position of the 
unrecorded region) and the quantity of insufficient data 
from the control information stored in the internal mem- 
ory 4 again (step S26). The information storage appa- 
ratus 1 proceeds to step S27 and writes data from the 
top position of the unrecorded region up to the prede- 
termined size. Of course, the total quantity of data may 
exceed the predetermined size. The newly recorded re- 
gion is registered in the control information as a record- 
ed region (step S28). The information storage apparatus 
1 returns to step S23. 

[0029] The advantage of performing steps S27 and 
S28 in this order is that, if the power supplied to the in- 
fomiation storage apparatus 1 is accidentally cut while 
data are recorded in an unrecorded region, for example, 
the information storage apparatus 1 can write the same 
data in the unrecorded region again since the control 
information is not updated. Step S28, however, may pre- 
cede step S27. 

[0030] A description of the third case will be given be- 
low. In the third case, the recorded range (for example, 
in situations where data are recorded form the inner- 
most data position in the data zone, the range between 
the innermost data position and the most outer data po- 
sition in which the data are recorded) contains no unre- 
corded region, and the quantity of data recorded in the 
recorded range exceeds the predetermined size. 
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[0031] If the information storage apparatus 1 deter- 
mines that the recorded range contains no unrecorded 
region (No branch of step S23) and that the quantity of 
data recorded in the recorded range exceeds the pre- 
determined size (Yes branch of step S25), the informa- 
tion storage apparatus 1 writes the control information 
in the recording medium 7 (step S29), and then, com- 
pletes the writing operation. 

[0032] The control information of a DVD+RW disk, for 
example, indicated in the above flow chart will be de- 
scribed below. A DVD+RW disk has a table indicating 
recorded data positions in compliance with FDCB (For- 
matting Descriptor Control Block) recorded therein. The 
table holds information such as the last recorded ad- 
dress, the last certified address, and a bit map. 
[0033] The address at which data are recorded lastly 
is stored in the last recorded address. The address of 
which defect has been checked lastly is stored in the 
last certified address. The bit map indicates whether 
each minimum recording unit has been recorded or still 
remains unrecorded by one bit. Because the last record- 
ed address is the address at which data are lastly re- 
corded, there are unrecorded regions before the last re- 
corded address. The positions of the unrecorded re- 
gions are available from the bit map. 
[0034] As described above, a conventional disk drive 
stores data in a recording region of a rewritable disk 
such as a DVD+RW in random access mode, the disk 
drive certifies the recording region in compliance with 
the FDCB (Formatting Descriptor Control Block) so as 
to check whether there is any defect in the recording 
region. However, the conventional certifying method re- 
quires, if data recorded in the recording medium are in- 
sufficient, writing at least data of the predetermined size. 
If the unrecorded region needs to be filled, the disk drive 
has to write data from the beginning, and the user has 
to wait until the disk drive completes the writing opera- 
tion. 

[0035] The information storage apparatus according 
to the present invention obtains addresses of unrecord- 
ed regions from the control information and stores data 
in the unrecorded regions indicated by the addresses 
so as to reduce time required for formatting. Because 
the information storage apparatus updates the control 
information corresponding to the regions in which data 
have just been recorded, the information storage appa- 
ratus can further reduce time required for the next for- 
matting operation. After formatting a region, the infor- 
mation storage apparatus can overwrite user data in the 
region of the recording medium even if other user data 
have been recorded in the region. 
[0036] In the case where there is no unrecorded re- 
gion, and the total quantity of data recorded in the re- 
cording medium does not reach a predetermined size, 
the information storage apparatus obtains the top ad- 
dress from which the writing operation is to be started 
and the size of insufficient data, writes data until the total 
quantity of data stored in the recording medium reaches 



the predetermined size, and additionally registers the 
address of the newly recorded region in the control in- 
formation so that the information storage apparatus can 
reduce time required for formatting the recording medi- 
s um and make the recording medium readable by other 
apparatuses such as a read only apparatus (player). 
[0037] Fig. 3 is a flow chart showing the initialization 
operation of an information storage apparatus accord- 
ing to the second embodiment of the present invention. 
10 The initialization operation will be described by refer- 
ence to Fig. 3 as well as Figs. 1 and 2. Initialization is 
an operation in which the information storage apparatus 
writes data in a region other than the recorded regions 
where data have been recorded. Accordingly, as a pre- 
15 ceding step, the last recorded position contained in the 
control information needs to be managed separately. 
[0038] The information storage apparatus 1 retrieves 
the control information from the recording medium 7 and 
stores it in the internal memory 4 in order to search the 
last recorded position (step S32). The information stor- 
age apparatus 1 obtains only recorded positions from 
the stored control information and creates new control 
information indicating the recorded positions in the in- 
ternal memory 4 (step S33). The information storage ap- 
paratus searches regions other than the recorded posi- 
tions, which are regarded as unrecorded positions, 
based on the new control information and performs the 
writing of data in the unrecorded positions (steps S23, 
S24, S27, and S28) showed in Fig. 2 (step S34). The 
operation of step S34 is not described in detail because 
it is the same as that of steps S23, S24, S27, and S28 
described in detail by reference to Fig. 2. 
[0039] The operation according to the second embod- 
iment may be performed when the operation according 
to the first embodiment is being performed, before pr 
after the operation according to the first embodiment is 
performed. 

[0040] If the unrecorded regions are to be searched, 
it consumes a lot of time to search only the recorded 
regions from the control information whenever the infor- 
mation storage apparatus searches the unrecorded re- 
gions. To eliminate this problem, the information storage 
apparatus 1 may store the recorded regions in another 
memory area and look it up only if necessary (look up 
method). The information storage apparatus 1 can soon 
determine, when initializing the recording medium 7, 
which region is unrecorded by reference to the look up 
information in this manner. Accordingly, the time re- 
quired for the writing operation is reduced. 
[0041] Fig. 4 is a flow chart showing an operation in 
which the information storage apparatus 1 according to 
the third embodiment of the present invention sets a po- 
sition where it examines defects. In the certifying oper- 
ation, the information storage apparatus 1 writes data 
in the entire region and reads the written data in order 
to detect any defects. The information storage appara- 
tus 1 according to the present invention can format the 
recording medium 7 at high speed, but it cannot detect 
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defects since it does not actually write data in the re- 
cording medium 7. Accordingly, the information storage 
apparatus 1 has a host computer designate a position 
in which the information storage apparatus 1 examines 
defects so that the information storage apparatus 1 ex- 5 
amines defects only in the designated position. Moreo- 
ver, the information storage apparatus 1 can be config- 
ured to determine the position by itself without having 
the host computer designate the position. 
[0042] The information storage apparatus 1 receives w 
the information of the designated position from the com- 
puter 8 through the interface controllers (step S42). Fol- 
lowing step S42, the information storage apparatus 1 
writes data in the position designated through the read/ 
write controller 6 (step S43). Following step S43, the in- is 
formation storage apparatus 1 reads the data written in 
the recording medium through the read/write controller 
6 (step S44), checks whether there is a defect in the 
designated position (step S45), and, if a defect is found, 
registers the position of the defect in the control infor- 20 
mation of the recording medium 7 (step S46). If no de- 
fect is found in step S45, then the information storage 
apparatus 1 finishes the process. 
[0043] There are two methods of handling defects in 
the recording medium 7. According to one method, 25 
when the information storage apparatus 1 certifies the 
recording medium 7, the information storage apparatus 
1 writes only the information of defect positions in the 
control information of the recording medium. When writ- 
ing data in the recording medium 7, the information stor- 30 
age apparatus 1 avoids writing data in the defect posi- 
tions. The information of defect positions may be stored 
in the recording medium 7 when it is manufactured. Ac- 
cording to another method, the information storage ap- 
paratus 1 allocates memory area in the recording medi- 35 
urn 7 to list the defect positions and registers the infor- 
mation of the alternative memory positions as well as 
the defect positions so that the information storage ap- 
paratus 7, when data are to be written in the defect po- 
sitions, can write data in the alternative memory area. 40 
The information storage apparatus 1 writes data in the 
alternative memory positions as if there is no defect po- 
sition. One can choose whichever method that fits the 
purpose and application of the information storage ap- 
paratus 1 . 45 
[0044] A simple but certain method of determining 
whether a position of the recording medium 7 is defec- 
tive is to check whether data having a predetermined 
pattern written in the position can be read accurately. If 
the data written in the position cannot be accurately re- so 
trieved, the position is registered in the control informa- 
tion of the recording medium 7 as a defect position. By 
the way, the operation of the third embodiment may be 
performed during, before, or after the operation of the 
first embodiment or during, before, or after the operation ss 
of the second embodiment. 

[0045] Fig. 5 is a flow chart showing the operation of 
the fourth embodiment of the present invention. The in- 



formation of the defect positions needs to be stored in 
a memory area different from the other control informa- 
tion. Once the information of the defect positions is 
stored, the information storage apparatus 1 can reduce 
time required for examining defects since it does not 
need to examine memory areas other than the defect 
positions. 

[0046] The information storage apparatus 1 first re- 
trieves the information of the defect positions regarding 
the memory area that has been certified and stores the 
information of the defect positions in the internal mem- 
ory 4 (step S62). The information storage apparatus 1 
identifies the memory area that has not been certified 
yet, writes data in the uncertified memory area through 
the read/write controller 6, and reads the data to check 
whether there is a defect (step S63). The information 
storage apparatus 1 registers the memory area that has 
already been certified (step S64). 
[0047] In this manner, the information storage appa- 
ratus 1 records defective areas in the recording medium 
7 individually and when examining the recording medi- 
um 7, examines memory areas other than the recorded 
defective areas. Accordingly, the information storage 
apparatus 1 can expedite the examination of the record- 
ing medium 7, and examine all the memory area of the 
recording medium 7 without omission. The operation of 
the fourth embodiment may be performed during, be- 
fore, or after the operation of the first embodiment. Like- 
wise, it may be performed during, before, or after the 
operation of the second embodiment, or during, before, 
or after the operation of the third embodiment. 
[0048] As described above, according to the present 
invention, the recording medium 7 such as a DVD+RW 
disk holds the control information described in connec- 
tion with the first embodiment. When the recording me- 
dium 7 is formatted, the last recorded address indicates 
the highest address where data can be written and the 
bit map in compliance with FDCB (Formatting Descrip- 
tor Control Block) indicates that all the area is recorded. 
[0049] In such condition, in the case where a format- 
ted disk is formatted once again, a conventional disk 
drive initializes this control information and, as a result, 
the last recorded address indicates the top of the user 
data region and the entire bit map is set as unrecorded. 
The conventional disk drive accordingly writes data in 
the entire region of the recording medium 7. The infor- 
mation storage apparatus 1 according to the present in- 
vention, upon re-formatting, uses the control information 
as is without initializing (deleting) it. Accordingly, be- 
cause the information storage apparatus 1 does not 
write data in the memory area registered in the bit map 
as recorded, it can reduce time required for formatting 
the recording medium 7. Additionally, the fact that the 
bit map indicates the entire memory area being record- 
ed means that there is no unrecorded region on the re- 
cording medium 7, and the recording medium 7 can be 
read by a read only apparatus. 

[0050] The above information storage apparatus 1 ex- 
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pedites the formatting, however, it cannot examine the 
recording medium 7 as it does not actually write data. 
Especially, since defects may increase in number due 
to degrading and damage of the recording medium 7, 
the information storage apparatus 1 has the host com- 
puter 8 designate a specific region that is to be exam- 
ined so that the time required for the examination is re- 
duced. In addition, the information storage apparatus 1 
can eliminate the omission of examination by managing 
the information as the other control information. 
[0051] The information storage apparatus 1 is oper- 
ated by computer programs running on the CPU 2 with 
an operating system (OS). In the above embodiments, 
the computer programs are stored in the ROM 3. In an- 
other embodiment, the computer programs may be 
stored in a memory medium such as a flexible disk, 
CD-ROM, and so forth, that is readable by the CPU 2. 
In this case, the information storage apparatus 1 be- 
comes ready to operate by installing the memory medi- 
um therein. If the memory medium is portable, the com- 
puter program can be performed by a computer having 
higher performance located at a different place. 
[0052] In the above embodiments, the CPU 2, the 
ROM 3, the internal memory 4, the interface controller 
5, and the read/write controller 6 are provided in the in- 
formation storage apparatus 1 separately as individual 
components. In another embodiment, those compo- 
nents may constitute a unit, which makes the manufac- 
turing of the apparatus easy. 

[0053] All the operations described above may be 
performed in response to reception of a request from 
the host computer 8, or may be performed even if the 
host computer 8 is not requesting the operations. In the 
former case, the information storage apparatus 1 can 
perform the operations when the host computer deter- 
mines that it is appropriate to do so, accordingly, the in- 
formation storage apparatus 1 can avoid consuming 
power, for example, while it is operated by a battery. 
When being operated by a battery, the information stor- 
age apparatus 1 may perform all the operation de- 
scribed in the above embodiments. 
[0054] On the other hand, in the tatter case, the infor- 
mation storage apparatus 1 can perform all the above 
operations while it is not operating at ail, so that the in- 
formation storage apparatus 1 can further reduce time 
required for the formatting or the examination. 
[0055] In summary, in an aspect of the present inven- 
tion, an information storage apparatus that can write da- 
ta in a recording medium in which data have been writ- 
ten at least one time is characterized in that it includes 
the following: a retrieving unit that retrieves control in- 
formation of a data recording region from the recording 
medium, a region determining unit that determines 
whether an unrecorded region exists in the recording 
medium based on the control information retrieved by 
the retrieving unit, and an updating unit that updates a 
recorded position information in the control information 
retrieved by the retrieving unit, wherein the information 



storage apparatus, when the region determining unit de- 
termines that an unrecorded region exists in the record- 
ing medium, obtains information of the unrecorded re- 
gion from the retrieving unit, stores data in the unrecord- 
5 ed region using the information of unrecorded region, 
and updates the information of the unrecorded region 
by the updating unit. 

[0056] An information storage apparatus certifies the 
recording medium such as a DVD+RW disk in order to 
10 determine whether the recording medium contains any 
defects and if any, where the defects are. The certifying 
operation is performed by writing data in the recording 
medium and reading the data from the recording medi- 
um before writing user data. Another purpose of certify- 
*5 jng is to write data in unrecorded regions so that even 
a read only apparatus such as a CD player and a DVD 
player can read the recording medium. A user needs to 
wait until the information storage apparatus completes 
the certifying of the recording medium. 
[0057] The information storage apparatus according 
to the present invention uses the control information in- 
dicating the positions of recorded regions, stored in the 
recording medium, without deleting it. Accordingly, the 
information storage apparatus can write data only in un- 
recorded regions even if they are located separately to 
reduce time required for the certifying. 
[0058] In the description, a "recorded region" means 
a region of the recording medium where either dummy 
data or user data have been written (recorded) and, 
when reading the region, the information storage appa- 
ratus can detect a signal from the region. An "unrecord- 
ed region" means a region of the recording medium 
where neither dummy data nor user data have been re- 
corded and the information storage apparatus cannot 
detect a signal. A "region" means a range between, a 
lower address and a higher address in the recording me- 
dium. "Position information" of a region means the high- 
er address of the region. A "recorded range" means a 
portion in the data recording area of the recording me- 
dium between the top (lowest address) and the highest 
address at which data have been recorded. 
[0059] According to the present invention, if the con- 
trol information indicates that there remains an unre- 
corded region in the recording medium, the information 
storage apparatus obtains the position information of 
the unrecorded region, writes data only in that region, 
and updates the control information corresponding to 
the region. Accordingly, the information storage appa- 
ratus can reduce time requiredfor certifying and can fur- 
ther reduce the time in the next certifying. The control 
information may be updated either before or after the 
writing of data. 

[0060] In addition, the position information of the con- 
trol information may also be updated not only after writ- 
ing data in the entire unrecorded region but also while 
an unrecorded region remains. Therefore, even in situ- 
ations where the user ejects the recording medium in 
the middle of formatting or the host computer requests 
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to store (or read) user data, the information storage ap- 
paratus can update the control information in the record- 
ing medium. After the recording medium is inserted 
again or data are written or read, the operation accord- 
ing to the present invention can be performed based on 5 
the updated control information. 
[0061] In another aspect of the present invention, the 
information storage apparatus as described above, is 
characterized in that, the information storage apparatus, 
in the case where the region determining unit deter- 10 
mines that an unrecorded region exists in the recording 
medium when the information storage apparatus initial- 
izes the recording medium, obtains the information of 
unrecorded region from the retrieving unit, stores dum- 
my data in the unrecorded region using the information is 
of unrecorded region, and updates the information of the 
unrecorded region by the updating unit. 
[0062] Accordingly, when the information storage ap- 
paratus initializes a disk, that is, formats (including cer- 
tifying) the disk again, the information storage apparatus 20 
refers to the control information (recorded position infor- 
mation) without deleting the control' information. The in- 
formation storage apparatus does not certify recorded 
regions in which either user data or dummy data are al- 
ready written but certifies only unrecorded regions in 25 
which no data have been written. Therefore, the infor- 
mation storage apparatus can reduce time required for 
certifying in a great extent. 

[0063] In yet another aspect of the present invention, 
the information storage apparatus is characterized in 30 
that the information storage apparatus, when the region 
determining unit determines that an unrecorded region 
exists in a range from the top position of a data recording 
region, in which data have been recorded, obtains infor- 
mation of the unrecorded region, stores data in the un- 35 
recorded region using the information of the unrecorded 
region, and updates the information of the unrecorded 
region by the updating unit. 

[0064] If data are recorded at intervals in a recorded 
range, that is, there still remains at least one unrecorded <*o 
region in the recorded range, the read only apparatus 
such as a CD player and a DVD player cannot reproduce 
data written in the disk. Accordingly, in the case of re- 
corded range in which there still remains one or more 
unrecorded region, the information storage apparatus 45 
writes data (user data ordummy data) in the one or more 
unrecorded regions in the recorded range (certifying op- 
eration of one kind). The disk becomes readable by the 
read only apparatus. In situations where data (user data 
or dummy data) are recorded discretely in the recorded so 
range (for example, if the writing operation has been 
started with the innermost side of the disk, the recorded 
range is the area between the innermost position and 
the most outer radial position.), the information storage 
apparatus needs to fill only the unrecorded region with 55 
data. The time required for writing the data can be great- 
ly reduced compared with the case where it is necessary 
to write data even in the recorded regions. 



[0065] In yet another aspect of the present invention, 
the information storage apparatus is further character- 
ized by a size determining unit that determines whether 
quantity of data recorded in the recording medium is 
equal to or more than a predetermined size, wherein the 
information storage apparatus, when the region deter- 
mining unit determines that no unrecorded region exists 
in the recording medium and the size determining unit 
determines that the quantity of data recorded in the re- 
cording medium is less than the predetermined size, ob- 
tains information of an unrecorded region, stores data 
in the unrecorded region using the information of the un- 
recorded region until the quantity of data recorded in the 
recording medium reach the predetermined size, and 
updates the information of the unrecorded region by the 
updating unit. 

[0066] In the case of a rewritable disk, if data are not 
recorded continuously from the innermost position to the 
outer side (for example, data size corresponding to re- 
cording area, 30 mm or 35 mm in the radial direction 
from the innermost position in the case of a DVD disk) 
until the data size reaches a predetermined one, the re- 
writable disk may cause a read only apparatus (so- 
called player) to malfunction. The information storage 
apparatus checks the unrecorded position information 
(the highest address up to which data have been record- 
ed) and starts writing data from the highest address until 
the data size stored in the recording medium reaches 
the predetermined data size. Accordingly, the recording 
medium becomes readable by the read only apparatus. 
[0067] In yet another aspect of the present invention, 
the information storage apparatus is characterized in 
that the information storage apparatus, when the region 
determining unit determines that no unrecorded region 
exists in the recording medium and the size determining 
unit determines that the quantity of data recorded in the 
recording medium is equal to or more than the prede- 
termined size, writes the control information in the re- 
cording medium. 

[0068] When the information storage apparatus certi- 
fies a recording medium, it retrieves the control informa- 
tion of the recording medium first. That is why it is pref- 
erable to keep the control information of the recording 
medium always updated. If the recording medium does 
not have an unrecorded region in the recorded range 
and the quantity of data stored in the recorded range 
exceeds the predetermined data size, for example, the 
information storage apparatus can start using the re- 
cording medium as soon as the recording medium is set 
in the information storage apparatus. 
[0069] In situations where there is no unrecorded re- 
gion in the recorded range and the quantity of data 
stored in the recorded range exceeds the predeter- 
mined data size, the information storage apparatus 
does not write additional data in the recording medium 
but writes the control information in the recording medi- 
um so as to reduce time required for the certifying op- 
eration. 
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[0070] In yet another aspect of the present invention, 
the information storage apparatus is further character- 
ized by a position obtaining unit that obtains information 
of last recorded position in the recording medium based 
on the control information retrieved by the retrieving unit, 
and a creating unit that creates new control information 
based on the information of last recorded position in the 
recording medium, wherein the information storage ap- 
paratus, when initializing the recording medium, stores 
data in the unrecorded region based on the new control 
information created by the creating unit. 
[0071] The information storage apparatus, when ini- 
tializing the recording medium, writes data in unrecord- 
ed regions other than the recorded regions in which data 
have been recorded. Accordingly, if separate control in- 
formation indicating the recorded regions is created, the 
information storage apparatus can quickly identify unre- 
corded regions based on the separate control informa- 
tion indicating the recorded regions, which reduces time 
required for the writing operation. 
[0072] In yet another aspect of the present invention, 
the information storage apparatus is further character- 
ized by a region setting unit that sets a region in which 
defects are examined, a writing unit that writes data in 
the region set by the region setting unit, and an exam- 
ining unit that examines positions of the defects by read- 
ing the data written by the writing unit, wherein the in- 
formation storage unit, when the writing unit writes data 
in the region set by the region setting unit and the ex- 
amining unit examines the positions of the defects by 
reading the data written by the writing unit, registers the 
positions of the defects in the control information. 
[0073] As described above, there are two methods to 
manage defects in the recording medium. One is to reg- 
ister only the positions of the defects in the control in- 
formation so that the information storage apparatus 
does not write user data in the defective positions. The 
other is to allocate another memory area to each defect 
so that the data to be written in the defective position 
are relocated to the allocated memory area. In this case, 
both the defective positions and allocated positions are 
stored in the control information. 

[0074] The information storage apparatus writes data 
and checks whether it can read the data written at a po- 
sition without failing to detect defects. If the information 
storage apparatus cannot read the data written at the 
position correctly, it registers the position as a defect. 
[0075] The information storage apparatus has the ex- 
ternal host computer to designate a region to be exam- 
ined. The writing unit writes data in the designated re- 
gion whether or not data have been recorded in the des- 
ignated region. The examining unit reads the data writ- 
ten by the writing unit to detect defects. If a defect is 
found, its position is registered in the control informa- 
tion. Accordingly, time required for the detection of de- 
fects can be reduced. 

[0076] An example of the designated region is a file 
control region used for the directory and so forth that is 



much more often rewritten than ordinary user data, 
since the region may be degraded faster than the others. 
Such a region needs to be examined more often than 
the other regions. 

5 [0077] In yet another aspect of the present invention, 
the information storage apparatus is further character- 
ized by a recording unit that records data in an examined 
region, wherein the information storage apparatus, 
when examining the defects in the recording medium, 

10 examines defects in the data recording region other than 
the region examined by the examining unit. 
[0078] Once a region has been examined upon the 
certifying, ft is not necessary to certify the region again. 
Therefore, when the information storage apparatus ex- 

15 amines a region, it registers the region as an examined 
region and, when the information storage apparatus cer- 
tifies the recording medium again, it does not examine 
the registered region again. The information storage ap- 
paratus registers the examined region in a memory area 

20 separate from the information of recorded regions. Ac- 
cordingly, the information storage apparatus can reduce 
time required for certifying and avoids an omission in 
the certifying. 

[0079] In an aspect of the present invention, a com- 

25 puter program that causes a CPU of an information stor- 
age apparatus to retrieve control information of a data 
recording region from the recording medium, determine 
whether an unrecorded region exists in the recording 
medium, store, when it is determined that an unrecorded 

30 region exits in the recording medium, data in the unre- 
corded region using the information of unrecorded re- 
gion, and update the control information concurrently 
with storing the data by the step of storing. 
[0080] Accordingly, since the CPU performs the 

35 above steps of the method of storing information, the 
information storage apparatus does not need individual 
components that perform each step. 
[0081] In another aspect of the present invention, the 
computer program may be stored in a computer reada- 

40 ble storage medium. 

[0082] The computer program may be stored in a stor- 
age medium such as ROM preferably in a manner that 
it is readable by the CPU. In the case where the storage 
medium is a CD-ROM and so forth, the computer pro- 

45 gram contained in the CD-ROM can be installed in an 
information storage apparatus located at a different 
place. 

[0083] In yet another aspect of the present invention, 
an information storage unit is characterized by a CPU, 

50 an internal memory unit that stores control information 
of a recording medium, an interface control unit that con- 
trols interface with an external host computer, a read/ 
write control unit that controls the writing and reading of 
data on the recording medium, and a computer readable 

55 recording medium containing a computer program that 
causes the CPU to retrieve control information of a data 
recording region from the recording medium, determine 
whether an unrecorded region exists in the recording 
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medium, store, when it is determined that an unrecorded 
region exits in the recording medium, data in the unre- 
corded region using the information of unrecorded re- 
gion, and update the control information concurrently 
with storing the data by the step of storing. 
[0084] The information storage apparatus is config- 
ured at least by a CPU that controls the entire system, 
a memory medium such as a flash ROM and a RAM that 
stores the computer program therein, a memory medi- 
um for temporary storage of data, an interface for ex- 
changing data and commands with the host computer, 
and a read and write controller that writes and reads da- 
ta in/from the recording medium. Those components are 
desired to be as small and light as possible. 
[0085] It is possible to make the information storage 
apparatus as small and light as possible by unitizing the 
indispensable components. Since the unit can perform 
the major function of the information storage apparatus, 
the structure of the information storage apparatus is 
simplified and the manufacturing of the information stor- 
age apparatus is made easy. 

[0086] The preferred embodiments of the present in- 
vention are described above. The present invention is 
not limited to these embodiments, but various variations 
and modifications may be made without departing from 
the scope of the present Invention. 
[0087] This patent application is based on Japanese 
priority patent application No. 2001-355256 filed on No- 
vember 20, 2001, and No. 2002-160342 filed on May 
31 , 2002, the entire contents of both of which are hereby 
incorporated by reference. 



Claims 



An information storage apparatus (1) that can write 
data in a recording medium (7) in which data have 
been written at least one time, characterized by 
comprising: 

a retrieving unit that retrieves control informa- 
tion of a data recording region from said record- 
ing medium (7); 

a region determining unit that determines 
whether an unrecorded region exists in said re- 
cording medium based on said control informa- 
tion retrieved by said retrieving unit; and 
an updating unit that updates recorded position 
information in said control information retrieved 
by said retrieving unit; 

wherein 

said information storage apparatus (1), when 
said region determining unit determines that said 
unrecorded region exists in said recording medium 
(7), obtains information of said unrecorded region 
from said retrieving unit, stores data in said unre- 
corded region using said information of said unre- 
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corded region, and updates said information of said 
unrecorded region by said updating unit. 

2. The information storage apparatus (1) as claimed 
in claim 1, characterized in that said information 
storage apparatus (1), in the case where said region 
determining unit determines that said unrecorded 
region exists in said recording medium (7) when 
said information storage apparatus initializes said 
recording medium (7), obtains said information of 
said unrecorded region from said retrieving unit, 
stores dummy data in said unrecorded region using 
said information of said unrecorded region, and up- 
dates said information of said unrecorded region by 
said updating unit. 

3. The information storage apparatus (1 ) as claimed 
in claim 1 , characterized in that said information 
storage apparatus (1), when said region determin- 
ing unit determines that said unrecorded region ex- 
ists in a recorded range from the top position of a 
data recording region, in which data have been re- 
corded, obtains said information of said unrecorded 
region, stores data in said unrecorded region using 
said information of said unrecorded region, and up- 
dates said information of said unrecorded region by 
said updating unit. 

4. The information storage apparatus (1 ) as claimed 
in claim 1 , further characterized by comprising a 
size determining unit that determines whether 
quantity of data recorded in said recording medium 
(7) is equal to or more than a predetermined size; 

wherein 

said information storage apparatus (1 ), when 
said region determining unit determines that no said 
unrecorded region exists in a recorded range in said 
recording medium and said size determining unit 
determines that said quantity of data recorded in 
said recording medium (7) is less than said prede- 
termined size, obtains information of said unrecord- 
ed region above the recorded range, stores data in 
said unrecorded region using said information of 
said unrecorded region until said quantity of data 
recorded in said recording medium (7) reaches said 
predetermined size, and updates said information 
of said unrecorded region by said updating unit. 

5. The information storage apparatus as claimed in 
claim 1, characterized in that said information 
storage apparatus (1), when said region determin- 
ing unit determines that no said unrecorded region 
exists above the recorded range in said recording 
medium (7) and said size determining unit deter- 
mines that said quantity of data recorded in said re- 
cording medium is equal to or more than said pre- 
determined size, writes said control information in 
said recording medium (7). 
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9. 



The information storage apparatus (1) as claimed 
in claim 1 , further characterized by comprising: 

a position obtaining unit that obtains informa- 
tion of last recorded position in said recording 
medium (7) based on said control information 
retrieved by said retrieving unit; and 
a creating unit that creates new control infor- 
mation based on said information of last record- 
ed position in said -recording medium (7) ; 

wherein 

said information storage apparatus (1), when 
initializing said recording medium (7), stores data in 
said unrecorded region based on said new control 
information created by said creating unit. 

The information storage apparatus (1) as claimed 
in claim 1 , further characterized by comprising: 

a region setting unit that sets a region in which 
defects are examined; 

a writing unit that writes data in said region set 
by said region setting unit; and 
an examining unit that examines positions of 
said defects by reading said data written by said 
writing unit; 

wherein said information storage apparatus 
(1 ), when said writing unit writes data in said region 
set by said region setting unit and said examining 
unit examines said positions of said defects by 
reading said data written by said writing unit, regis- 
ters said positions of said defects in said control in- 
formation. 

The information storage apparatus (1) as claimed 
in claim 7, further characterized by comprising a 
recording unit that records data in an examined re- 
gion; 

wherein said information storage apparatus, 
when examining said defects in said recording me- 
dium (7), examines defects in said data recording 
region other than said region examined by said ex- 
amining unit. 

A method of storing data in a recording medium (7) 
in which data have been written at least one time, 
characterized by comprising the steps of: 

retrieving control information of a data record- 
ing region from said recording medium (7) ; 
determining whether an unrecorded region ex- 
ists in said recording medium (7) ; 
storing, when determining that an unrecorded 
region exits in said recording medium (7), data 
in said unrecorded region using said informa- 
tion of said unrecorded region; and 
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updating said control information concurrently 
with said storing data by the step of storing. 

10. The method as claimed in claim 9, further charac- 
terized by comprising the steps of: 

retrieving control information of a data record- 
ing region from said recording medium (7) ; 
determining whether said unrecorded region 
exists based on said control information; 
writing dummy data, when said unrecorded re- 
gion exists, in said recording medium (7), in 
said unrecorded region; and 
updating said control information concurrently 
with writing said dummy data. 

11 . The method as claimed in claim 9, further charac- 
terized by comprising the steps of: 

storing data in said unrecorded region when 
said unrecorded region exists in a range from 
the top position of a data recording region, in 
which data have been recorded; and 
updating said control information concurrently 
with writing. 

12. The method as claimed in claim 9, further charac- 
terized by comprising the steps of: 

determining, when no said unrecorded region 
is determined to exist in a recorded range in 
said recording medium (7), whether quantity of 
data recorded in said recording medium (7) is 
equal to or more than a predetermined size; 
and 

storing, when said quantity of data recorded in 
said recording medium (7) is determined to be 
less than said predetermined size, data in said 
unrecorded region above the recorded range 
until said quantity of data recorded in said re- 
cording medium (7) reach said predetermined 
size. 

13. The method as claimed in claim 9, further charac- 
terized by comprising the steps of: 

determining, when no said unrecorded region 
is determined to exist in said recording medium 
(7), whether quantity of data recorded in said 
recording medium (7) is equal to or more than 
said predetermined size; and 
writing, when it is determined that said quantity 
of data recorded in said recording medium (7) 
is equal to or more than said predetermined 
size, said control information in said recording 
medium (7). 

14. The method as claimed in claim 9, further charac- 
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terized by comprising: 

obtaining information of last recorded position 
in said recording medium (7) based on said 
control information; s 
creating new control information based on the 
obtained information of last recorded position; 
and 

storing, when initializing said recording medium 
(7), data in said unrecorded region based on 10 
said new control information. 

15. The method as claimed in claim 9, further charac- 
terized by comprising the steps of: 



15 

setting a region in which defects are examined; 
writing data in the set region; 
examining positions of defects by reading the 
written data; and 

registering, when said defect is found, said po- 20 
sition of said defect in said control information. 
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16. The method as claimed in claim 9, further charac- 
terized by comprising the steps of: 

recording data in the examined region; and 
examining s when examining said recording me- 
dium (7), defects in said data recording region 
other than said region examined. 

17. An information storage apparatus (1) storing data 
in a recording medium (7), characterized by com- 
prising: 



an internal memory unit (4) ; 35 

a read/write unit (6); and 

a main control unit (2) that 

retrieves control information using said read/ 

write unit (6) from said recording medium (7), 

stores said control information to said internal 40 

memory unit (4), 

determines whether an unrecorded region ex- 
ists in said recording medium (7) by analyzing 
said control information stored in said internal 
memory unit (4), 45 
stores, when said main control unit (2) deter- 
mines that an unrecorded region exists in said 
recording medium (7), data in said unrecorded 
region by said read/write unit (6); and 
updates, if said data are written in said unre- so 
corded region, said control information stored 
in said internal memory unit (4) so that said con- 
trol information indicates that said data are writ- 
ten in said unrecorded region. 

55 

18. The information storage apparatus (1) as claimed 
in claim 17, characterized in that said control unit 
stores said data in said unrecorded region if said 



main control unit (2) determines that said unrecord- 
ed region is located in a range from a top recording 
position, in which data have been recorded, in said 
recording medium (7). 

19. The information storage apparatus (1) as claimed 
in claim 18, characterized in that said control unit 
(2) further determines ! when said control unit (4) de- 
termines that no said unrecorded region exists in a 
recorded range in said recording medium (7), 
whether quantity of data recorded in said recording 
range is equal to or more than a predetermined size, 
and 

stores, when said control unit (2) determines 
that said quantity of data recorded in said recorded 
range is less than said predetermined size, addi- 
tional data in said unrecorded region of said record- 
ing medium (7) above the recorded range until the 
said quantity of data reaches said predetermined 
size. 

20. The information storage apparatus (1 ) as claimed 
in claim 19, characterized in that said" control unit 
(2) further stores, when said control unit (2) deter- 
mines that said quantity of data recorded in said re- 
corded range is equal to or grater than said prede- 
termined size, said control information stored in 
said internal memory unit (4), in said recording me- 
dium (7). 

21. The information storage apparatus (1) as claimed 
in claim 17, characterized in that said control unit 
(2) obtains information of recorded regions in said 
recording medium (7) by checking said control in- 
formation stored in said internal memory unit (4), 
creates new control information indicating the ob- 
tained information of said recorded regions, and 
storing, when initializing said recording medium (7), 
data in an unrecorded region identified based on 
said new control information. 

22. The information storage apparatus (1) as claimed 
in claim 17, characterized in that said control unit 
(2) selects a region in which defects are examined, 
writes data in the selected region by said read/write 
unit (6), reproduces said data written in the selected 
region, examines the selected region by comparing 
the reproduced data with said data written in the se- 
lected region, and registers, when a defective posi- 
tion is found, information indicating said defective 
position in said control information. 

23. The information storage apparatus (1) as claimed 
in claim 22, characterized in that said control unit 
(2) further registers the selected region as a certi- 
fied region, and examines data recording regions 
other than the selected region. 
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24. A computer program that causes a CPU (2) of an 
information storage apparatus (1 ) to retrieve control 
information of a data recording region from a re- 
cording medium (7), determine whether an unre- 
corded region exists in said recording medium (7), s 
store, when determining that said unrecorded re- 
gion exits in said recording medium (7), data in said 
unrecorded region using said information of unre- 
corded region, and update said control information 
concurrently with storing said data. 10 



25. A computer readable recording medium (3) contain- 
ing a computer program that causes a CPU (2) of 
an information storage apparatus (1) to retrieve 
control information of a data recording region from *5 
said recording medium (7), determine whether an 
unrecorded region exists in said recording medium 

(7), store, when determining that an unrecorded re- 
gion exits in said recording medium (7), data in said 
unrecorded region using said information of said 20 
unrecorded region, and update said control infor- 
mation concurrently with storing said data. 

26. An information storage unit (1), characterized by 
comprising: 25 

a CPU (2) ; 

an internal memory unit (4) that stores control 

information of a recording medium (7) ; 

an interface control unit (5) that controls inter- 30 

facing with an external host computer (8) ; 

a read/write control unit (6) that controls writing 

and reading of data on said recording medium 

(7); and 

a computer readable recording medium (3) 35 
containing a computer program that causes 
said CPU (2) to: 

retrieve said control information of a data 
recording region from said recording medi- 40 
urn (7); 

determine whether an unrecorded region 
exists in said recording medium (7); 
store, when determining that said unre- 
corded region exists in said recording me- 4s 
dium (7), data in said unrecorded region 
using said information of said unrecorded 
region; and 

update said control information concur- 
rently with storing said data by the step of so 
storing. 



55 



13 

MSDOCID: <EP 13ianQftA9 I 



EP1 313 093 A2 




14 



EP 1 313 093 A2 



FIG.2 



( START ) 



RETRIEVING CONTROL 
INFORMATION OF 
RECORDING MEDIUM 



S22 




S25 



CHECKING CONTROL 
INFORMATION TO 
IDENTIFY UNRECORDED 
POSITION AND 
UNRECORDED DATA LENGTH 



S24 



DOES DATA 
QUANTITY EXCEED 
PREDETERMINED 
SIZE? 

NO 



YES 



S26 



i 



CHECKING CONTROL 
INFORMATION TO 
IDENTIFY UNRECORDED 
POSITION AND 
UNRECORDED DATA LENGTH 



WRITING DATA 



S27 



UPDATING RECORDED 
POSITION OF CONTROL 
INFORMATION 



S28 



WRITING CONTROL 

INFORMATION IN 
RECORDING MEDIUM 

( END j 



S29 



15 



EP 1 313 093 A2 



FIG.3 

( START """) 



RETRIEVING CONTROL 

INFORMATION OF 
RECORDING MEDIUM 



S32 



I 



CHECKING CONTROL 
INFORMATION TO IDENTIFY 
RECORDED POSITIONS 
AND CREATING NEW 
CONTROL INFORMATION 



S33 



WRITING DATA IN 
UNRECORDED REGIONS 



( END ~~) 



S34 



16 



crw>tr\. 



1 Ot4AM/|l) 



f 



EP1 313 093 A2 



FIG.4 

( START ~") 



HAVING HOST COMPUTER 

DESIGNATE POSITION 
TO EXAMINE 



WRITING DATA IN 
DESIGNATED POSITION 



READING DATA WRITTEN 
IN DESIGNATED POSITION 



S42 



S43 



S44 



S45 



IS THERE A 



NO 



^^^positontJ^-^ 






[yes 




REGISTERING 
DEFECT POSITIONS 






«rf 






f 



( END 



^SDOCID:<EP 1313093A2 I > 



17 



EP 1 313 093 A2 



FIG.5 

( START 



RETRIEVING CONTROL 
INFORMATION FROM 
RECORDING MEDIUM 



I 



CHECKING CONTROL 
INFORMATION TO IDENTIFY 
UNEXAMINED REGION 

AND EXAMINING 
UNEXAMINED REGION 



I 



UPDATING 
CONTROL INFORMATION 



S62 



S63 



S64 



C END ") 



18 



